Objective: The aim of the present study was to investigate the effect of exogenously administered GH on serum levels of interleukin (IL)-1b, IL-2, IL-12, tumor necrosis factor (TNF)-a and interferon (IFN)-g and their relation with IGF-I levels in normal short stature children. Design and methods: 23 short prepubertal non GH-deficient children (10 females and 13 males) whose mean^S.D. chronological age was 11.95^1.85 years (from 8.80 to 14.89 years), and mean^S.D. bone age was 10.48^2.44 years, were evaluated during a somatomedin generation test (human GH 0.1 IU/kg per day for 4 days) to exclude a partial GH resistance as the cause of short stature; 34 sex-and age-matched healthy subjects were studied as controls. Circulating cytokine values were measured in basal conditions in all children, and 12 h following the 4th GH subcutaneous injection in the 23 short children only. Results: No significant differences were found between short children and controls in basal values of serum .2 ng/ml respectively). In short subjects there was a significant increase in serum IGF-I levels after the 4th GH injection (from 192.1^18.3 ng/ml, i.e. 2 1.16^0.16 standard deviation score (SDS) to 338.2^27.1 ng/ml, i.e. 0.14^0.17; P , 0.00001). No significant differences were found between short children and controls in basal concentrations of serum INF-g (19^4 and 26^5 mIU/ml respectively), IL-1a (24.950^3.613 and 20.896^2.778 pg/ml respectively), IL-2 (3.945^1.209 and 4.794^0.562 pg/ml respectively), IL-12 (1.093^0.269 and 1.976^0.596 pg/ml respectively), and TNF-a (1.794^0.559 and 2.188^0.346 pg/ml respectively). Likewise, a significant increase was found in serum INF-g (before 19^4 and after four GH injections 185^57 mIU/ml respectively; P , 0.008), IL-1b (24.950^3.613 to 43.339^5.431 pg/ml respectively; P , 0.0001), IL-2 (3.945^1.209 to 9.165^2.331 pg/ml respectively; P , 0.003), IL-12 (1.093^0.269 to 3.724^0.637 pg/ml respectively; P , 0.0007) and TNF-a (1.794^0.559 to 9.266^3.066 pg/ml respectively; P , 0.01). Conclusions: Cytokine release can be affected by short-term GH administration in normal children indicating a direct influence of GH on the immune system.
Introduction
A vast body of evidence points to the existence of a bidirectional relationship between the endocrine system and immune function. Specifically, concerning the growth hormone (GH)/insulin-like growth factor-I (IGF-I) system, the presence of such a bidirectional influence with cytokines, the soluble factors released by immune cells, has been shown by several studies. The proinflammatory cytokines tumor necrosis factor (TNF), interleukin (IL)-1 and IL-6 have been shown to affect the GH/IGF-I system at several levels with relevant in vivo consequences in human diseases (1 -6) . Conversely, GH not only regulates growth but can also control the immune function. In particular, GH has been demonstrated to play a role in priming macrophages for the release of cytokines such as IL-1b, IL-6 and TNF-a which are involved in the acute phase immune response (7) and to induce interferon-g (IFN-g) production by T lymphocytes (8) . In vitro experiments indicate that the action of GH on immune cells and cytokine production appears to be mediated by IGF-I (9 -11). However, to the best of our knowledge no in vivo data are available indicating a direct relationship between the effect of GH on IGF-I levels and cytokine levels.
The aim of the present study was to investigate the effect of exogenously administered GH on serum levels of IL-1b, IL-2, IL-12, TNF-a and IFN-g and their relation with IGF-I levels in normal short stature children.
Patients and methods

Patients and study design
The study population consisted of 23 short prepubertal children (10 females and 13 males), whose mean^S.D. chronological age was 11.95^1.85 years (from 8.80 to 14.89 years), mean^S.D. bone age was 10.48^2.44 years, height was 2 2.54^0.16 standard deviation score (SDS), and body mass index was 2 0.503^0.20 SDS. The GH response after classical pharmacological stimuli was normal in all children with serum peak levels of 17.21^0.99 ng/ml. No patient suffered from GH deficiency or other endocrine deficiencies or chronic diseases or had chromosomal abnormalities or dysmorphic syndromes. Extra blood obtained during a somatomedin generation test used to evaluate GH resistance as the cause of short stature, was used for cytokine measurement. Thirty-four healthy subjects comparable for age and sex, who were taking part in a screening program for hyperlipidemia at school, were studied as controls. Informed consent was obtained from the parents of all children.
Blood samples were collected from patients and controls between 0800 h and 0900 h before and 12 h after the fourth GH subcutaneous injection (0.1 IU/kg per day). Blood samples were placed on ice immediately and centrifuged within 1 h. Placebo was not given to either short or control children because the local ethical committee did not approve a double blinded or placebo controlled study. Sera were stored at 220 8C until assay.
Measurement of cytokine levels
Serum cytokine concentrations were measured by an IRMA based on coated-tube separation and on the oligoclonal system using several monoclonal antibodies directed against distinct cytokine epitopes. Serum IFN-g levels were evaluated by immunoenzyme assay (Immunotech-Marseille, France); serum IL-1b values were evaluated by a two-step sandwich enzyme immunoassay (Immunotech-Marseille); serum IL-2 concentrations were evaluated using a sandwich enzyme immunoassay (Immunotech-Marseille); serum IL-12 levels were evaluated by an immunoenzyme assay (Immunotech-Marseille) and TNF-a values were evaluated using a sandwich enzyme immunoassay (Immunotech-Marseille). No cross-reaction with the other cytokines was observed. We tested the sensitivity of the IL-12 assay as the concentration corresponding to the mean plus 2 S.D. of 20 replicates of zero standard and we found: , 3 pg/ml IL-12 and , 5 pg/ml TNF, IL-1, and IL-2. The intra-and interassay coefficients of variation were between 2.2% and 12.6%, and between 6.6% and 12.2% respectively for INF-g; between 6% and 20%, and between 4.4% and 11.5% respectively for IL-1a; between 2.8% and 3.4%, and between 2.4% and 10.1% respectively for IL-2; between 1.8% and 4.9%, and 4.1% and 9.5% respectively for IL-12; and between 5.4% and 12.8%, and 1.6% and 10% respectively for TNF-a.
Measurement of IGF-I levels
Serum IGF-I concentrations were measured by doubleantibody RIA using immunochemicals and tracer provided by Medgenix (Fleurus, Belgium). The sensitivity of the assay was 150 pg/ml; the intra-and interassay coefficients of variation were 6 and 7.5% respectively. In order to avoid interference from binding proteins, single plasma EDTA samples taken from each patient were treated with acid-ethanol. Results are expressed as means^S.E.M.
Statistical analysis
Data were analyzed using the statistical analysis software package Statistica 5.0 (StatSoft Inc., Tulsa, OK, USA). Descriptive statistics were calculated and reported in terms of medians, minimum (min) and maximum (max) values. The Mann-Whitney U test for unpaired samples was used to compare cytokine levels between short stature children and controls. The non-parametric Wilcoxon test for paired samples was used to compare cytokine levels before and after GH administration. Correlations were analyzed using the Spearman rank correlation test. A P value , 0.05 was deemed statistically significant.
Results
No significant differences were found between short children and controls in basal values of serum IGF-I (192.1^18.3 and 198.2^28.2 ng/ml respectively). In short subjects there was a significant increase in serum IGF-I levels (192.1^18.3 ng/ml, i.e. 2 1.160
.16 SDS) after the fourth GH injection (338.22 7.1 ng/ml, i.e. 0.14^0.17; P , 0.00001 by Wilcoxon test for paired samples). No significant differences were found between short children and controls in basal concentrations of serum IL-1b, IL-2, IL-12 IFN-g, and TNF-a (Table 1) . When we compared cytokine levels Table 1 Serum levels of the indicated cytokines in basal samples from short stature children and in healthy controls. Data are shown as median (min-max). The significance levels (P ) of the differences between short stature children and healthy controls are shown.
Cytokine
Short stature children Healthy children P Figure 1 Circulating levels of IL-1b, IL-2, IL-12, IFN-g and TNF-a in basal samples (baseline) and after the fourth GH injection (peak) in short stature children.
P ¼ 0.0015), and TNF-a (median: 6.1 pg/ml; min -max: 0.0-43.4; P ¼ 0.0022) (Fig. 1) . We found no significant correlations between serum IGF-I values and IL-1b, IL-2, IL-12, IFN-g and TNF-a levels.
Discussion
A number of experimental findings in animals supports the hypothesis of an effect of GH over the humoral response (12) . The dwarf Snell mouse having both a congenital hypopituitarism and thymus-dependent immunodeficiency normalizes the immune function after GH treatment (12) . Unlike experimental data in animals, no difference in basal serum TNF-a and IL1a concentrations between 15 children with GH deficiency and 19 controls was observed (13) . The effect of GH or GH-dependent factors on peripheral macrophages is confirmed by the significant increase in both serum TNF-a and IL-1b concentrations observed after GH injection, and by their fall 24 h later when serum GH values fell (13) . Studies on GHdeficient children showed that the production of IL-1a and IL-2 by mononuclear cells requires GH. In particular, IL-1a production was normalized after 15 days of substitutive GH therapy and IL-2 after 3 months of treatment (14) . The clinical significance of the relationship between GH and cytokine production in humans is debatable as no clinical signs of immune dysfunction have been observed even in patients with severe GH deficiency.
The pituitary gland is needed for the synthesis of TNF-a by macrophages. Hypophysectomized rats had markedly depressed macrophage synthesis of TNF-a; exogenous GH partially reversed the effect of hypophysectomy (7) . In contrast, in GH-deficient adults, basal TNF-a levels are high and fall after prolonged GH administration (15) . On the other hand, no significant differences in basal TNF-a levels were reported between GH and idiopathic short stature children, and agematched controls (16) .
We observed a great variability in basal cytokine levels, mainly IL-1b, that increase after GH administration in different ways. In fact, in some children a clear elevation from basal values can be observed, while in other subjects no changes can be found.
The main result of our study is the clear influence of human GH administration on the cytokine secretion in children with normal GH production. This finding may reflect an effect on the immune system. Indeed IL-2, IFN-g and IL-12 are produced exclusively by cells of the immune system (i.e. T lymphocytes, and monocytes/macrophages and dendritic cells respectively). On the other hand, the increased levels of IL-1b and TNF-a may also be secondary to an effect of GH on other tissues, such as on endothelium, liver and fat tissue. Our results suggest a generalized effect of GH administration on cytokine secretion in vivo. This finding appears to be in keeping with the previously mentioned effect of GH on cytokine production by T lymphocytes and macrophages in experimental animals. However, it should be pointed out that the levels of IFN-g, TNF-a and IL-1b found in children receiving GH were markedly lower than those found in patients with juvenile idiopathic arthritis or with pneumonitis (not shown). Therefore, at least for these three inflammatory cytokines, circulating levels associated with overt pathological inflammatory conditions were not attained. The effect could be mediated by GH-dependent factors such as IGF-I. However, we found no significant correlations between serum IGF-I values and each cytokine studied. Cells of the immune system, such as T and B lymphocytes and macrophages, express functional IGF-I receptors (17, 18) . Moreover, since IGF-I is produced by immune cells (19) , its effects on immune responses may be secondary to autocrine or paracrine mechanisms.
Several studies demonstrate that IGF-I, either endogenously produced or exogenously added, affects in vitro immune cell replication and function. IGF-I stimulates the proliferation of T cells (20) and mediates the growth promoting effect of GH on T-lymphoblastoid cell lines (10) . In addition, it increases mitogen-induced IL-2 production (11), which might be responsible for the effect on proliferation. The in vivo relevance of these in vitro results has yet to be demonstrated. To the best of our knowledge a few observations suggest, albeit indirectly, an in vivo effect of GH on immune function in humans.
